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osting by EAbstract Lead (Pb) is a common environmental pollutant in most of the industrialized countries. Its
genotoxic effect on the living organisms is a major concern globally. In the present investigation we
studied the genotoxic effect of Pb exposure onVignamungo var. HD-94 seeds. Seeds ofV.mungowere
treated with different concentrations of lead (25, 50, 75, 100 and 125 ppm) for 6 h. A signiﬁcant reduc-
tion in mitotic index (p< 0.05) was observed in seeds exposed to lead compared to control group
which decreased with an increase in concentration of Pb and duration of treatment. In addition, a
signiﬁcantly higher percentage (p< 0.001) of chromosomal abnormalities was observed in the mito-
tic stage of these seeds. In conclusion, the heavy metal Pb can reduce the germination potential by
inhibiting the mitosis and causing extensive cytogenetic errors in seedlings.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Heavy metals are continuously released into the biosphere by
volcanoes, natural weathering of rocks, and by industrial
activities such as mining, combustion of fossil fuels, and the
release of sewage (Depledge et al., 1994). Pb is one among
the major heavy metal pollutants found in both terrestrial
and aquatic ecosystem. Main sources of lead pollution are ex-ological Sciences Department,
el.: +966 542140990.
om
y. Production and hosting by
Saud University.
lsevierhaust fumes of automobiles, chimney of factories which use
lead, efﬂuents from the industry, mining and smelting of lead
ores, and pesticides (Elick et al., 1999).
Plant kingdom is not exempted from the adverse effects of
lead exposure. Accumulation of excessive lead in plant tissue
has a toxic effect on plants and also modiﬁes the physiology
of plants. Reduced seed germination potential, poor rate of
root elongation, inhibition of chlorophyll biosynthesis and
loss of peroxidase activity are commonly observed effects of
lead accumulation on plants (Gichner et al., 2008; Haluskova
et al., 2009 and Preeti and Tripathi, 2011). In developing
countries like India pulses remain the main source of dietary
protein. Vigna mungo is an extensively cultivated multipur-
pose crop in India.
The major route of Pb entry to plant is through absorp-
tion from soil. Since most of the water resources in agricul-
tural areas are polluted with Pb, the plants cultivated in
this soil or with Pb contaminated water will certainly have
an effect on the plant kingdom. The present investigation
studies the susceptibility of this plant to the genotoxic effect
of Pb.
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Figure 1 (A–C) effect of lead (Pb) on the seed germination ofVigna
mungo var.HD-94. Data are mean of three replicates ± SEM.
108 S. Siddiqui2. Materials and methods
2.1. Seed and chemical
Healthy seeds of V. mungo were obtained from Agriculture
Seed Store (Govt. of Uttar Pradesh, India). The heavy metal
lead acetate trihydrate (Pb(C2H3O2)2Æ3H2O, Molecular
Weight, 379.33) was obtained from Central Drug House (P)
Ltd. New Delhi.
2.2. Treatment of V. mungo with Pb
Dry and healthy grains ofV. mungo of equal sizes were surface-
sterilized with 0.5% Sodium hypochlorite for 20 min, washed
thoroughly with distilled water and ﬁnally soaked in double
distilled water (DDW) for 3 h. The seeds were then soaked
in test tubes containing 250 ml of Pb solution of different con-
centrations (0, 25, 50, 75, 75, 100, and 125 ppm) for 6 h. Each
group comprised of 30 seeds each. The seeds were thoroughly
washed in running tap water 2–3 times to remove any Pb stick-
ing to the seed coat. The seeds were then spread over moist cot-
ton kept in Petri-dishes (15 cm diameter) and placed in a
Biological Oxygen Demand incubator (BOD) at 24 ± 2 C
temperatures for further observation. The germination poten-
tial of seeds and radicle length (measured using a millimeter ru-
ler) were analyzed at every 24 h interval. The experiment was
repeated three times under similar conditions.
2.3. Cytogenetic analysis
To study the cytogenetic changes induced by lead in V. mungo
plant, the root tips of germinated seeds were used as a source
of mitotic cells. The root tips were washed in water, ﬁxed in a
solution of glacial acetic acid and ethanol (3:1) for 24 h and
stored in 70% alcohol until further use.
The ﬁxed roots were hydrolyzed at 60 C for 15 min, in
0.1 N HCl and stained in Leuco Basic Fuchsin for 10–20 min
as described earlier (Siddiqui et al., 2007). Stained region of
root tip was squashed in 2% acetocarmine on a slide, mounted
and observed under microscope.
All the slides were coded and examined unsighted. Mitotic
index and chromosomal aberrations in metaphase and ana-
phase plates were studied using a light microscope under oil
immersion. From each slide, minimum of 100 cells were scored
and mitotic index was calculated. Chromosomal aberrations
such as chromosome fragments (F), precocious separation
(SP), stickiness (STC), bridge formation (Br), c-mitosis (C-m)
were studied in a minimum of 100 metaphase and anaphase
plates per slide and expressed in percentage.
Statistical analysis: Statistical analysis was performed employ-
ing one way ANOVA test using GPIS software 1.13 (GRAPH-
PAD, California, USA) to detect the signiﬁcance of differences
of variables. All values are expressed as mean ± SE.
3. Results
3.1. Effect of Pb treatment on seed germination
At 24 h after Pb treatment, in control group 13% of seeds
germinated which increased to 18 and 21% at 48 and 72 h,
respectively, (Fig. 1A–C). Up to 50 ppm lead did not induce
Table 1 Radicle length of Vigna mungo seeds treated with different concentrations of lead.
Concentration of lead (ppm) Radicle length (cm)
24 h 36 h 72 h
0 0.83 ± 0.52 3.25 ± 1.03 3.86 ± 0.97
25 0.38 ± 0.02 2.82 ± 0.91 3.25 ± 1.34
50 0.41 ± 0.04 2.44 ± 1.37 4.85 ± 1.76
75 0.65 ± 0.46 2.74 ± 1.69 6.27 ± 2.22a
100 0.77 ± 0.30 3.18 ± 1.33 6.57 ± 2.21a
125 0.72 ± 0.41 3.23 ± 1.46 3.87 ± 1.01
Data are mean of three replicates ± SEM.
a p< 0.001 compared to control.
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Figure 2 Effect of lead (Pb) on the mitotic index of Vigna mungo
var. HD-94. Data are mean of three replicates ± SEM.
Lead induced genotoxicity in Vigna mungo var. HD-94 109any signiﬁcant change in seed germination. However, at
75 ppm the lead induced signiﬁcantly higher seed germination
compared to control (p< 0.01). Above 75 ppm Pb exposure
gradually decreased seed germination. At the highest concen-
tration tested (125 ppm) lead signiﬁcantly inhibited seed germi-
nation (p< 0.001) compared to control. A similar trend in the
seed germination pattern was observed even at 48 and 72 h.
3.2. Effect of Pb treatment on radicle length
In untreated seeds of V. mungo the radicle length increased
with the increase in time which was 3.86 ± 0.97 at 72 h after
the treatment (Table 1). A signiﬁcant increase in radicle length
was observed in seeds exposed to 75 and 100 ppm of lead.
Lowest root length was recorded in 25 ppm at 24 h
(0.38 ± 0.02), at 48 h (2.82 ± 0.91) and at 72 h (3.25 ± 1.34).
Maximum root length was recorded in 100 ppm (0.77 ± 0.30) at
24 h, in 125 ppm (3.23 ± 1.46) at 48 h, and in 100 ppm
(6.57 ± 2.21) at 72 h interval.
3.3. Effect of Pb treatment on mitotic index
In V. mungo control groups revealed a mitotic index of
2.4 ± 0.54. At the lowest dose of lead the mitotic index was
non-signiﬁcantly (p> 0.05) lower as compared to controlgroup. However, further increase in lead dose resulted in the in-
crease of mitotic index in a dose- dependent manner (Fig. 2).
The lowest mitotic index (1.5 ± 0.89) was observed in seeds
treated with 125 ppm of lead.
3.4. Effect of Pb treatment on chromosomal aberration assay
Pb induced a number of mitotic aberrations inV. mungo Table
2 and Plate 1. The incidence of abnormal metaphase-anaphase
plates in control group was 0.25 ± 0.01. Increased incidence of
sticky chromosome (STC), c-mitosis (C-m), fragment (F), pre-
cocious separation (Ps), and bridge (Br) was observed. Sticky
chromosomes, in all phases of mitosis were the most frequent
alterations, as they counted for 75–95% of the total No. of
aberrations, depending upon the Pb concentration. The per-
centage of c-mitosis was higher in 25 ppm concentration of
Pb, statistically non-signiﬁcant (p< 0.05) differences were
found when compared to control. Other kinds of aberrations,
such as fragments, precocious separation, and bridges were
rarely found.
4. Discussion
Heavy metal induced toxicity and mutagenicity on various
plant species has been reported earlier (Vojtechova and Lebl-
ova, 1991; Seregin et al., 2004; Prassad and Prassad, 1987;Sen-
gar et al., 2008; Seregin and Kozhevnikov, 2006 and Siddiqui
et al., 2007, 2009). The result of the present investigation con-
ducted on V. mungo plant further conﬁrms that heavy metal
lead acts as a strong mutagenic agent in plants.
We observed a signiﬁcant decline in germination potential
of seeds, delay in seed germination and chromosomal aberra-
tions in mitotic cells of the germinating root tips of V. mungo
in the present study. Previous studies have shown that lead
inhibits the seed germination in wheat (Mesmar and Jabber,
1991). Triticum aestivum and Cucumis sativus (Munzuroglu
and Geckil, 2002) etc.
Several factors such as oxygen concentration, light, and
moisture level and incubation temperature are known to have
an inﬂuence on seed germination (Isabelle et al., 2000). In
addition, permeability of heavy metals to the seeds may also
play a signiﬁcant role in seed germination. Wierzbicka and
Obidzinska (1998) reported that the degree of permeability
of seed coats to Pb can differ among the seeds and hence
may show a different degree of inhibition on seed germination.
Lead interferes with nutritional elements of seedlings and
plants, thus causing deﬁciencies or abnormal ion distribution
Table 2 Chromosomal aberrations in metaphase–anaphase plates of Vigna mungo seeds treated with different concentrations of lead.
Aberrations in 100 plates Concentration of lead (ppm)
0 25 50 75 100 125
c-Mitosis (%) 0.00 ± 0.00 2.2 ± 1.3 c 0.40 ± 0.04 0.4 ± 0.04 1.2 ± 0.30 1.2 ± 0.30
Sticky chromosome (%) 0.25 ± 0.01 3.6 ± 1.14 b 0.80 ± 0.33 c 3.0 ± 1.58 c 4.0 ± 1.58 a,b 1.8 ± 0.83
Bridge (%) 0.00 ± 0.00 0.20 ± 0.04 0.60 ± 0.04 0.20 ± 0.04 0.60 ± 0.44 0.80 ± 0.33
Fragment (%) 0.00 ± 0.00 0.80 ± 0.03 0.60 ± 0.09 0.20 ± 0.04 0.40 ± 0.04 1.20 ± 0.44
Precocious separation (%) 0.00 ± 0.00 0.20 ± 0.04 2.00 ± 0.09 0.40 ± 0.14 0.40 ± 0.14 1.0 ± 0.01
Total aberrant plates (%) 0.25 ± 0.01 7.0 ± 2.55 a,b 4.40 ± 0.59 4.20 ± 1.84 6.60 ± 2.50c 6.00 ± 1.91c
Data are mean of three replicates ± SEM.
a P< 0.05 compared to control.
b P< 0.01 compared to control.
c p< 0.001 compared to control.
110 S. Siddiquiwithin the plant (Khan and Khan, 1983; Biddappa et al., 1987
and Trivedi and Erdei, 1992).
In the present study Pb exhibited inhibitory effect of root
lengthening in V. mungo exposed to various concentrations
of lead. This could be due to the toxic effect of Pb mitotic cell
division in root tips (Eun et al., 2000 and Wozny and
Jerczynska, 1991). The reduction in root lengthening is
strongly correlated to the mitotic index of the root tips of
V. mungo. Similar effect on mitotic index was observed with
other heavy metal like cadmium (Siddiqui et al., 2009).
The reductions in the number of mitotic cells in root tips of
seeds exposed to Pb could be due to its mechanism of action on
cell cycle progression. Pb can inhibit the DNA synthesis
(Sudhakar et al., 2001) or may even block the cells in the
G2_phase of cell cycle preventing the cells from entering the
mitosis. In addition Pb may also act on DNA-repair enzymes,
either by modifying the protein structure of the enzymes, orBA
D
C
Plate 1 Representative images showing the effects of Pb on chro
(A) c-mitosis, (B) sticky chromosome, (C) bridge at anaphase, (D) anby reducing the production of the enzymes at the transcription
level which could also lead to chromosomal aberrations in mi-
totic cells. However, further studies are essential to conﬁrm this
statement.
To support the above hypothesis, Pb treated seeds exhibited
several chromosomal abnormalities in mitotic cells of root tips
such as c-mitosis, sticky chromosome, bridge, fragment and
precocious separation. Among these abnormalities sticky chro-
mosome (Sc) was the most frequently observed chromosomal
aberration in the V. mungo. Furthermore, the frequency of
remaining anomalies was in the following order, sticky chro-
mosome (Sc) > c-mitosis > fragment (Fr) > precocious sepa-
ration (Ps) > bridge (Br).
Increase in the aberrant metaphase plates having sticky
chromosomes might be due to the denaturing activity of Pb
on nuclear proteins such as DNA topoisomerase II, which
might also interfere with chromosome segregation (Panda andE
mosome aberrations in root tips of Vigna mungo var. HD-94.
d fragment (E). precocious separation.
Lead induced genotoxicity in Vigna mungo var. HD-94 111Panda, 2002). Heavy metal like Cd also caused sticky chromo-
somes inPisum sativum (Fusconi et al., 2006, 2007; and Siddiqui
et al., 2009).
c-Mitosis was observed in root tips treated with lead. In this
type of aberrations, the metaphase chromosomes are shorter,
thick and show no equator orientation. c-Mitosis is commonly
associated with spindle poisoning reported by Shahin and
El-amoodi (1991). Inhibition of spindle formation by Pb may
result in such type of chromosomal aberrations. Pb is known
to destroy microtubules of the mitotic spindle causing charac-
teristic c-mitosis (Wierzbicka, 1994 and Eun et al., 2000). The
bridges noticed in the root tip cells are probably formed by
breakage and fusion of chromosome bridges which increased
with Pb treatment. Chromosome bridges may be due to the
chromosomal stickiness and subsequent failure of free ana-
phase separation or may be attributed to an unequal transloca-
tion c or inversion of chromosome segment (Gomurgen, 2000).
Furthermore, in the current study the incidence of precocious
movement also increased with increasing lead dose. This pre-
cocious movement could appear because of the disturbed spin-
dle activity (Umar and Singh, 2003) or due to the heavy metals
breaking the protein moiety of the nucleoprotein backbone.
In the present investigation, fragments noticed in the root
tips are probably formed by acentric chromosome and also
as a result of inversion. Fragmentation might have arisen
due to stickiness of chromosomes and consequent failure of
separation of chromatids to poles (Fusconi et al., 2006,
2007). In addition to this, DNA double strand breaks induced
by reactive oxygen species can lead to chromosome fragments.
Earlier studies have shown that Pb increases the free radical le-
vel in cells (Weckx and Clijster, 1997) which has several dele-
terious effects on the crucial macromolecule of cell such as
DNA.
In conclusion, the result of the present study showed that
the Pb has considerable inhibitory effect on the seed germina-
tion and increases chromosomal aberrations in root tip cells of
V. mugno. Based on the incidence of various kinds of chromo-
somal anomalies as reported in this study, perhaps it might be
logical to conclude that Pb may exhibit genotoxic effect on
plant at higher doses. Further, a deeper understanding of the
mechanism of Pb toxicity in crop plants such as V. mungo is
important.Acknowledgment
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